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Description 



DIGITAL PHASE FREQUENCY 
DISCRIMINATOR 

Background of Invention 
[0001] 1. Field of the Invention 

[0002] The present invention relates to a digital phase frequency 
discriminator (DPFD), and more particularly, to a DPFD 
having a simplified structure. 

[0003] 2. Description of the Prior Art 

[0004] A digital phase frequency discriminator (DPFD) typically 
provides an output, which is related to a phase or fre- 
quency relationship between signals input into the dis- 
criminator. For example, in a phase lock loop a DPFD is 
often used to compare a reference signal to a signal de- 
rived from the output of a voltage-controlled oscillator 
(VCO) to detect the phase or frequency difference between 
the two signals and to provide an output signal which is 
related to this difference. The frequency of oscillation of 



the VCO then can be changed based upon the output sig- 
nal to decrease this difference. In this manner, the phase 
or frequency difference between the signals received by 
the DPFD can be reduced until it becomes substantially 
zero, indicating that the phase lock loop is substantially in 
phase lock. 

[0005] A variety of DPFDs have been disclosed. Please refer to 

Fig.l, which is a circuit diagram of a DPFD 10 according to 
the prior art. The DPFD 10 comprises a first SR latch 12, a 
second SR latch 14, a third SR latch 16, and a fourth SR 
latch 18, each of which comprise a pair of two-input 
cross-coupled NOR gates. 

[0006] The first SR latch 12 comprises a first NOR gate 20 and a 
second NOR gate 22, each of which comprises two input 
ends. One input end of the first NOR gate 20 serves as an 
S input end of the first SR latch 12, and one input end of 
the second NOR gate 22 serves as an R input end of the 
first SR latch 12. The other input end of the first NOR gate 
20 is cross-coupled to an output end of the second NOR 
gate 22, and the other input end of the second NOR gate 
22 is cross-coupled to an output end of the first NOR gate 
20. The output end of the first NOR gate 20 provides a 



Q 



output signal, and the output end of the second NOR gate 
22 provides a Q output signal. 
[0007] Similarly, the second SR latch 14 comprises a third NOR 
gate 24 and a fourth NOR gate 26, each of which com- 
prises two input ends. One input end of the third NOR 
gate 24 serves as an S input end of the second SR latch 
14, and one input end of the fourth NOR gate 26 serves as 
an R input end of the second SR latch 14. The other input 
end of the third NOR gate 24 is cross-coupled to an out- 
put end of the fourth NOR gate 26, and the other input 
end of the fourth NOR gate 26 is cross-coupled to an out- 
put end of the third NOR gate 24. The output end of the 
third NOR gate 24 provides a 



output signal, and the output end of the fourth NOR gate 
26 provides a Q output signal. 
[0008] The third SR latch 16 comprises a fifth NOR gate 28 and a 
sixth NOR gate 30, each of which comprises two input 
ends. One input end of the fifth NOR gate 28 serves as an 




S input end of the third SR latch 16, and is coupled to the 



Q 



output signal end of the first SR latch 12. One input end 
of the sixth NOR gate 30 serves as an R input end of the 
third SR latch 16. The other input end of the fifth NOR 
gate 28 is cross-coupled to an output end of the sixth 
NOR gate 30, and the other input end of the sixth NOR 
gate 30 is cross-coupled to an output end of the fifth NOR 
gate 28. The output end of the fifth NOR gate 28 provides 
a 



output signal, and the output end of the sixth NOR gate 
30 provides a Q output signal. 
[0009] Similarly, the fourth SR latch 18 comprises a seventh NOR 
gate 32 and an eighth NOR gate 34, each of which com- 
prises two input ends. One input end of the seventh NOR 
gate 32 serves as an S input end of the fourth SR latch 18, 
and is coupled to the 





output signal end of the second SR latch 14. One input 
end of the eighth NOR gate 34 serves as an R input end of 
the fourth SR latch 18. The other input end of the seventh 
NOR gate 32 is cross-coupled to an output end of the 
eighth NOR gate 34, and the other input end of the eighth 
NOR gate 34 is cross-coupled to an output end of the 
seventh NOR gate 32. The output end of the seventh NOR 
gate 32 provides a 

e 

output signal, and the output end of the eighth NOR gate 
34 provides a Q output signal. 
[0010] The S input end of the first NOR gate 20 receives a first 
input signal 1^, and the S input end of the third NOR gate 
24 receives a second input signal 1^, which is asyn- 
chronous to the first input signal K The 

e 

output signal end of the third SR latch 16 is coupled to 
the R input end of the first SR latch 12, and the 

Q 



output signal end of the fourth SR latch 18 is coupled to 
the R input end of the second SR latch 14. The Q output 
signal end of the first SR latch 12 provides a first output 
signal O^, and the Q output signal end of the second SR 
latch 14 provides a second output signal O^. 
[0011] The DPFD 10 further comprises a reset NOR gate 36, 

which provides reset signal (RCM signal) to the third and 
fourth SR latches 16 and 18. More particularly, the reset 
NOR gate 36 comprises a first input end 38 coupled to the 



output signal end of the first SR latch 12, a second input 
end 40 coupled to the 



output signal end of the second SR latch 14, and an out- 
put end 42 coupled to the R input ends of the third and 
fourth SR latches 16 and 18. 
[0012] Please refer to Fig. 2, which is a timing diagram illustrating 
the first and second input signals 1^ and 1^, the first and 
second output signals O^ and O^, and the RCM signal of 
the DPFD 10 according to the prior art. The operation of 





the DPFD 10 will be understood from the following de- 
scription in conjunction with the illustrative timing dia- 
gram of Fig. 2. 

[0013] In the exemplary timing diagram of Fig. 2, both the first 
and second SR latches 12 and 14 initially at time are in 
their reset condition: the Q output signal end in a logical 
state 0 and the 



output signal end in a logical state 1. Thus, initially both 



signal are also in the logical state 0. Furthermore, both 
the third and fourth SR latches 16 and 18 initially at time 

are in their set condition: the Q output signal end in 
the logical state 1 and the 



output signal end in the logical state 0. Finally, both the 
first and second input signals 1^ and 1^ initially at time 
are in the logical state 0. 
[0014] At time T^, the first input signal 1^ changes from the logi- 
cal 0 to the logical state 1. Consequently, the first SR latch 




the first and second output signals and and RCM 




12 becomes set, and the first output signal O^, liowever, 
does not change from the logical state 0 to the logical 
state 1 until time due to the inversion gate propagation 
delay of the first and second NOR gate 20 and 22. In gen- 
eral, logic signals suffer from timing jitter after traveling 
through logic gates. Since the first input signal 1^ has to 
travel through two logic gates, the first and second NOR 
gates 20 and 22, to attain the Q output signal end of the 
first SR latch 12, the Q output signal end suffers from 
two-fold logic gate timing jitter after the first SR latch 12 
has been changed from reset to set. The second output 
signal O^ at time T^, however, remains unchanged. One 
will appreciate that any additional changes in the logical 
state of the first input signal 1^ at this point, without a 
change in the logical state of the second input signal 1^, 
will produce no further changes in the set or reset condi- 
tions of any of the four SR latches. 
[0015] At time T^, the second input signal 1^ changes from the 
logical state 0 to the logical state 1. Consequently, the 
second SR latch 14 becomes set, and the second output 
signal O^, however, does not change from the logical state 
0 to the logical state 1 until time T due to the inversion 
gate propagation delay of the third and fourth NOR gate 



24 and 26. Similarly, since the second input signal 1^ has 
to travel through two logic gates, the third and fourth 
NOR gates 24 and 26, to attain the Q output signal end of 
the second SR latch 14, the Q output signal end also suf- 
fers from two-fold logic gate timing jitter after the second 
SR latch 14 has been changed from reset to set. At time T 
^, both of the input signals provided to the input ends of 
the reset NOR gate 36 have changed from the logical state 
Is to the logical state Os, resulting in the output end 42 of 
the reset NOR gate 36 to provide a logical state 1 signal to 
the R input ends of the third and fourth SR latches 16 and 
18 at time T that is a little bit later than time T . Con- 
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sequently, both the third and fourth latches 16 and 18 
become reset. 

[0016] Following this reset, the third SR latch 16 provides a logi- 
cal state 1 signal to the R input end of the first SR latch 
12, and the fourth SR latch 18 provides a logical state 1 
signal to the R input end of the second SR latch 14. Thus, 
at time both the first and second output signals O^ and 
O^respectively provided by the first and second SR latches 
12 and 14 change from the logical state 1 to the logical 
state 0. 

[0017] Referring to the first and third SR latches 12 and 16, since 



the RCM signal output from the NOR gate 36 has to travel 
through the sixth, fifth, and second NOR gates 30, 28, 
and 22 sequentially to attain the Q output signal end of 
the first SR latch 12, the Q output signal end of the first 
SR latch 12 suffers from three-fold logic gate timing jitter 
after the first SR latch 12 has been changed from set to 
reset. 

[0018] The timing jitter on the first and second output signals O^ 
and O^ enables a charge pump electrically connected to 
the DPFD 10 to pump too much or too little charge to a 
specific circuit electrically connected to the charge pump. 

[0019] Please refer to Fig. 3, which is a circuit diagram of a prior 
art DPFD 1 according to US patent no. 3,610,954 "PHASE 
COMPARATOR USING LOGIC GATES". The DPFD 1 com- 
prises a plurality of logic gates (NAND gates) for compar- 
ing two input signals f^ and f^ respectively input to two 
input ends 2 and 3, and for outputting two output signals 
via two output ends 4 and 5. An RCM signal generated by 
a NAND gate 6 has to travel through only one logic gate, 
i.e. a NAND gate 9, to attain the output end 4. The output 
end 9 suffers from one-fold logic gate timing jitter. The 
DPFD 1 solves the problem that the Q output signal ends 
of the DPFD 10 suffer too much timing jitter. However, the 



DPFD 1 still suffers from another problem of crossover 
distortion when one input signal f^ is approximately syn- 
chronous to the other input signal f^. 
[0020] Please refer to Fig. 4, which is a circuit diagram of a prior 
art DPFD 11 of US patent no. 4,928,026 "DIGITAL PHASE 
COMPARING CIRCUIT". The DPFD 11 comprises a plurality 
of logic gates for comparing two input signals IN^ and IN 
^respectively input to two input ends SI and S^, and for 
generating four output signals OUT^, OUT^, ^^^3' 
OUT^ via four output ends S^, S^, S^, and S^ respectively. 
Another RCM signal generated by a NAND gate 13 has to 
travel through two NAND gates 15 and 17 to attain the 
output end S , which therefore suffers two-fold logic gate 

6 

timing jitter, which is less than three-fold logic gate tim- 
ing jitter that the Q output signal ends of the DPFD 10 
suffer. However, in contrast to the DPFD 10 consisting of 
nine logic gates, the DPFD 11 needs as many as 11 logic 

gates installed. 
Summary of Invention 

[0021] It Is therefore a primary objective of the claimed invention 
to provide a DPFD having a simplified structure and suf- 
fering from little timing jitter. 

[0022] According to the claimed invention, the DPFD includes a 



first SR latch, a second SR latch, a predetermined state 
detection circuit, a first predetermined state control cir- 
cuit, and a second predetermined state control circuit. The 
first SR latch generates a first output signal when being 
set to a predetermined state and comprises a first input 
end for receiving a first input signal. The second SR latch 
generates a second output signal when being set to the 
predetermined state and comprises a first input end for 
receiving a second input signal. The predetermined state 
detection circuit is electrically connected to the first and 
the second SR latches for detecting the first and the sec- 
ond output signals and for outputting an RCM signal. The 
first predetermined state control circuit is electrically con- 
nected to the predetermined state detection circuit and 
the first SR latch for setting the first SR latch to the prede- 
termined state according to the RCM signal. The first pre- 
determined state control circuit comprises a first input 
end for receiving the first input signal and a second input 
end for receiving the RCM signal. The second predeter- 
mined state control circuit is electrically connected to the 
predetermined state detection circuit and the second SR 
latch for setting the second SR latch to the predetermined 
state according to the RCM signal. The second predeter- 



mined state control circuit comprises a first input end for 

receiving tlie second input signal and a second input end 

for receiving the RCM signal. 

[0023] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0024] Fig.l is a circuit diagram of a DPFD according to the prior 
art. 

[0025] Fig. 2 is a timing diagram of a plurality of signals of the 
DPFD shown in Fig.l. 

[0026] Fig. 3 and Fig. 4 are two circuit diagrams of two other 
DPFDs according to the prior art. 

[0027] Fig. 5 is a circuit diagram of a DPFD of the preferred em- 
bodiment according to the present invention. 

[0028] Fig. 6 is a timing diagram of a plurality of signals of the 
DPFD shown in Fig. 5. 

[0029] Fig. 7 is a circuit diagram of a DPFD of a second embodi- 
ment according to the present invention. 

[0030] Fig. 8 is a circuit diagram of a DPFD of a third embodiment 
according to the present invention. 



[0031] Fig. 9 is a timing diagram of a plurality of signals of the 
DPFD shown in Fig. 8. 

[0032] Fig. 10 is a circuit diagram of a DPFD of a fourth embodi- 
ment according to the present invention. 

[0033] Fig. 11 is a circuit diagram of a DPFD of a fifth embodi- 
ment according to the present invention. 
Detailed Description 

[0034] Please refer to Fig. 5, which is a circuit diagram of a DPFD 
50 of the preferred embodiment according to the present 
invention. The DPFD 50 comprises a first SR latch 52, a 
second SR latch 54, a third SR latch 56, and a fourth SR 
latch 58. Both of the first and second SR latches 52 and 
54 comprise a pair of two-input cross-coupled NOR 
gates. Both of the third and fourth SR latches 56 and 58 
comprise a pair of two-input cross-coupled NAND gates. 

[0035] The first SR latch 52 comprises a first NOR gate 60 and a 
second NOR gate 62, each of which comprises two input 
ends. One input end of the first NOR gate 60 serves as an 
S input end of the first SR latch 52, and one input end of 
the second NOR gate 62 serves as an R input end of the 
first SR latch 52. The other input end of the first NOR gate 
60 is cross-coupled to an output end of the second NOR 
gate 62, and the other input end of the second NOR gate 



62 is cross-coupled to an output end of the first NOR gate 
60. The output end of the first NOR gate 60 provides a 



output signal, and the output end of the second NOR gate 
62 provides a Q output signal. 
[0036] Similarly, the second SR latch 54 comprises a third NOR 
gate 64 and a fourth NOR gate 66, each of which com- 
prises two input ends. One input end of the third NOR 
gate 64 serves as an S input end of the second SR latch 
54, and one input end of the fourth NOR gate 66 serves as 
an R input end of the second SR latch 54.The other input 
end of the third NOR gate 64 is cross-coupled to an out- 
put end of the fourth NOR gate 66, and the other input 
end of the fourth NOR gate 66 is cross-coupled to an out- 
put end of the third NOR gate 64. The output end of the 
third NOR gate 64 provides a 



output signal, and the output end of the fourth NOR gate 
66 provides a Q output signal. 
[0037] The third SR latch 56 comprises a first NAND gate 68 and 





a second NAND gate 70, each of which comprises two in- 
put ends. One input end of the first NAND gate 68 serves 
as an 



input end of the third SR latch 56, and is coupled to the S 
input end of the first SR latch 52. One input end of the 
second NAND gate 70 serves as an 



input end of the third SR latch 56. The other input end of 
the first NAND gate 68 is cross-coupled to an output end 
of the second NAND gate 70, and the other input end of 
the second NAND gate 70 is cross-coupled to an output 
end of the first NAND gate 68. The output end of the first 
NAND gate 68 provides a 



output signal, and the output end of the second NAND 
gate 70 provides a Q output signal. 
[0038] The fourth SR latch 58 comprises a third NAND gate 72 






and a fourth NAND gate 74, each of which comprises two 
input ends. One input end of the third NAND gate 72 
serves as an 



R 



input end of the fourth SR latch 58, and is coupled to the 
S input end of the second SR latch 54. One input end of 
the fourth NAND gate 74 serves as an 



input end of the fourth SR latch 58. The other input end of 
the third NAND gate 72 is cross-coupled to an output end 
of the fourth NAND gate 74, and the other input end of 
the fourth NAND gate 74 is cross-coupled to an output 
end of the third NAND gate 72. The output end of the 
third NAND gate 72 provides a 



output signal, and the output end of the fourth NAND 
gate 74 provides a Q output signal. 
[0039] The S input end of the first SR latch 52 receives a first in- 





put signal 1^, and the S input end of tlie second SR latcli 
54 receives a second input signal K The Q output signal 
end of the third SR latch 56 is coupled to the R input end 
of the first SR latch 52, and the Q output signal end of the 
fourth SR latch 58 is coupled to the R input end of the 
second SR latch 54. The Q output signal end of the first SR 
latch 52 provides a first output signal 0^, and the Q out- 
put signal end of the second SR latch 54 provides a sec- 
ond output signal O^. 
[0040] The DPFD 50 further comprises a reset NAND gate 76 to 
provide reset signal (RCM signal) to the third and fourth 
SR latches 56 and 58. More particularly, the reset NAND 
gate 76 comprises a first input end 78 coupled to the Q 
output signal end of the first SR latch 52, a second input 
end 80 coupled to the Q output signal end of the second 
SR latch 54, and an output end 82 coupled to the 



input ends of the third and fourth SR latches 56 and 58. 
[0041] Please refer to Fig. 6, which is a timing diagram illustrating 
the first and second input signals 1^ and 1^, the first and 
second output signals and O^, and the RCM signal of 
the DPFD 50 according to the present invention. The op- 




eration of the DPFD 50 will be understood from the fol- 
lowing description in conjunction with the illustrative tim- 
ing diagram of Fig. 6. 

[0042] In the exemplary timing diagram of FIG. 6, the first and 

second SR latches 52 and 54 initially at time are in their 
reset condition. Thus, initially both the first and second 
output signals 0^ and are in the logical state 0. Fur- 
thermore, both the third and fourth SR Iatches56 and 58 
initially are also in their reset condition. Finally, both the 
first and second input signals 1^ and 1^ initially at time 
are in the logical state 0. 

[0043] At time T^, the first input signal 1^ changes from the logi- 
cal state 0 to the logical state 1. Consequently, the first SR 
latch 52 becomes set, and at time the first output sig- 
nal 0^ changes from the logical state 0 to a logical state 
1. The second output signal at time T^ remains un- 
changed. One will appreciate that any additional changes 
in the logical state of the first input signal 1^ at this point, 
without a change in the logical state of the second input 
signal 1^, will produce no further changes in the set or re- 
set conditions of any of the four SR latches. 

[0044] At time T^, the second input signal 1^ changes from the 
logical state 0 to the logical state 1. Consequently, the 



second SR latch 54 becomes set, and at time T the sec- 



ond output signal changes from the logical state 0 to 
the logical state 1. At time T^, the input signals provided 
to the input ends of the reset NAND gate 76 both have 
become logical state Is, resulting the output end 82 to 
provide a logical state 0 signal to the 



ends of the third and fourth SR latches 56 and 58 at time 



third and fourth SR latches 56 and 58 become set. 
[0045] Following this set, the third SR latch 56 provides a logical 
state 1 signal to the R input end of the first SR latch 52, 
and the fourth SR latch 58 also provides a logical state 1 
signal to the R input end of the second SR latch 54. Thus, 
at time the first and second output signals and 
provided by the first and second SR latches 52 and 54 
change from the logical state 1 to the logical state 0. At 
time T , the RCM signal output from the reset NAND gate 
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76 changes from the logical state 0 to the logical state 1. 
[0046] Referring to the first and third SR latches 52 and 56, since 
the RCM signal output from the NAND gate 76 has to 
travel through the second NAND gate 70 and the second 



4 




T a little bit later than time T . Consequently, both the 

RCM 4 ^ ' 



NOR gate 62 sequentially to attain the Q output signal end 
of the first SR latch 52, the Q output signal ends of the 
first and second SR latches 52 and 54 suffer from two- 
fold logic gate timing jitter, which is less than three-fold 
logic gate timing Jitter that the Q output signal ends of 
the DPFD 10 suffer. 
[0047] Accordingly, it will be appreciated that at time T^, when 
the first input signal 1^ changes from the logical state 1 to 
the logical state 0, the third latch 56 will become reset 
again, and its Q output will transit to the logical state 0. 
Similarly, at time T the second input signal I changes 
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from the logical state 1 to the logical state 0, the fourth 
latch 58 will become reset again, and its Q output will 
transit to the logical state 0. In summary, after time T the 

8 

DPFD 50 of the present invention is ready to respond to 
the next series of input signals. 
[0048] Although the operation of a DPFD of the present invention 
is explained with regard to the preferred embodiment 50, 
which comprises the first and second SR latches 52 and 
54, each of which comprises two cross-coupled NOR 
gates, and the third and fourth SR latches 56 and 58, each 
of which comprises two cross-coupled NAND gates, and 
the reset gate 76, which comprises the NAND gate 76 for 



detecting the first and second output signals and O^, it 
will be appreciated that the remaining embodiments each 
operate based upon similar principles which will be un- 
derstood by those skilled in the art. Additionally, it will be 
understood that the following description of the operation 
of the present invention applies positive logic, all of the 
SR latches functioning only during a period that the first 
input signal 1^ or the second input signal 1^ changes from 
the logical state 0 to the logical state 1, and that an 
equivalent description could be set forth using negative 
logic. 

[0049] Please refer to Fig. 7 and Fig. 8, which are two circuit dia- 
grams of two DPFDs 100 and 110, both of which are de- 
rived from the DPFD 50, according to the present inven- 
tion. 

[0050] Of the DPFD 100, an OR gate 102 substitutes for the 
NAND gate 76 of the DPFD 50. The OR gate 102 com- 
prises a first input end 104 coupled to the 



output signal end of the first SR latch 52, and a second 
input end 106 coupled to the 



output signal end of the second SR latch 54. 
[0051] Of the DPFD 110, four NAND gates 160, 162, 164, and 
166 substitute for the four NOR gates 60, 62, 64, and 66 
respectively, four NOR gates 168, 170, 172, and 174 sub- 
stitute for the four NAND gates 68, 70, 72, and 74 re- 
spectively, and a NOR gate 176 substitutes for the NAND 
76. In operation, the first and second input signals 1^ and I 
^, the first and second output signals O^ and O^, and the 
RCM signal are illustrated in Fig. 9. Because the DPFD 110 
has an operation mechanism similar to that of the DPFD 
50, detailed description is hereby omitted. Note that, of 
the DPFD 110, at time T all of the SR latches are set. The 
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first and second input signals 1^ and 1^ use negative logic. 
Both the first and second output signals O^ and O^ have a 
logical state changed during a period that the first or sec- 
ond input signals 1^ or changes from the logical state 1 
to the logical state 0. 
[0052] Of the DPFD 50 (also of the DPFDs 100 and 110), the reset 
NAND gate 76 generates the RCM signal according to the 
first and second output signals O^ and O^, and both the 
third and fourth SR latches 56 and 58 generate reset sig- 



nals to reset the first and second SR latches 52 and 54 re- 
spectively according to the RCM signal output from the 
reset NAND gate 76. In equivalence, the third and fourth 
SR latches 56 and 58 can be regarded as two predeter- 
mined state (reset) control circuits to generate predeter- 
mined state signals (reset signals), and the reset NAND 
gate 76 can be regarded as a predetermined state detec- 
tion circuit to detect the first and second output signals 
and and to output the RCM signal. In essence, the 
DPFD 50, as well as the DPFDs 100 and 110, can be sim- 
plified to a circuit having a plurality of function-specified 
blocks shown in Fig. 10. 
[0053] Please refer to Fig. 10, which is a function block diagram 
of the DPFD 50 (DPFDs 100 and 110) according to the 
present invention. The DPFD 50 comprises two predeter- 
mined state control circuits 202 and 204, a predetermined 
state detection circuit 206, the first SR latch 52, and the 
second SR latch 54. Different from the DPFD 10, whose 
predetermined state control circuits (the third and fourth 
SR latches 16 and 18) are controlled by the first and sec- 
ond SR latches 12 and 14, the DPFDs of the present in- 
vention have the predetermined state control circuits 202 
and 204 be controlled by the first and second input sig- 



nals I and I . 
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[0054] Please refer to Fig. 6 again, at time T^, wlien tlie second 
output signal clianges from the logical state 0 to the 
logical state 1, neither the first nor second output signal 
nor become reset immediately, namely, neither the 
first nor second output signal nor change from the 
logical state 1 to the logical state 0 immediately. Both the 
first and second output signals and do not change 
from the logical state 1 to the logical state 0 until at least 
a reset period from time to time passed, and the re- 
set period has to be long enough for the first and second 
output signals and to reach to a full logical state 1 
amplitude level before changing from the logical state 1 
to the logical state 0. 

[0055] How long the reset period should be relates to the charac- 
teristics of the predetermined state detection circuit and 
the connection between the SR latches of the DPFD 50. 
The purpose that the reset period has to be longer than a 
predetermined period is to prevent the problem of 
crossover distortion when the first input signal 1^ is ap- 
proximately synchronous to the second input signal K 

[0056] Additionally, in order to prevent "race" phenomenon from 
appearing at the first and second SR latches 52 and 54, 



two delay components 300 and 302 are introduced to the 
DPFD 50. As shown in Fig. 11, the delay component 300 is 
installed between the S input end of the first SR latch 52 
and the 



input end of the third SR latch 56, and the delay compo- 
nent 302 is installed between the S input end of the sec- 
ond SR latch 54 and the 



input end of the fourth SR latch 58. 

[0057] In contrast to the prior art, the present invention can pro- 
vide a DPFD comprising two predetermined state control 
circuits, a predetermined state detection circuit, and two 
SR latches. Since both of the predetermined state control 
circuits are directly controlled by two input signals, the 
output ends of the SR latches suffer from only two-fold 
logic gate timing Jitter. 

[0058] Following the detailed description of the present invention 
above, those skilled in the art will readily observe that nu- 
merous modifications and alterations of the device may be 





made while retaining tlie teachings of the invention. Ac- 
cordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended 
claims. 



